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As part of the State of Hawaii's evaluation of geothermal
resources, the University of Hawaii is coordinating a Scientific
Observation Hole (SOH) drilling program. Four SOHs are to be completed
on the Island of Hawaii in the East Rift Zone of Kilauea Volcano; each
will be approximately 4,000 feet deep. These wells are being drilled to
define and delineate zones with anomalously high subsurface
temperatures, and to characterize the lithologic and hydraulic
properties of the zones into which they penetrate.
This report is the first of three reports which describe a
methodology for interpreting various types of data from the observation
holes to estimate critical reservoir parameters. In this report, the
slim hole concept is discussed, the types of data to be collected are
reviewed, and the assessment methodology is described qualitatively. In
the second report, data acquisition and analysis are discussed in
detail, including chemical sampling. In the third report, a detailed
well testing plan is set forth.
1.2 Geothermal Reservoir Models
The purpose of the SOH drilling and testing program is to
explore and characterize the geothermal resources in the East Rift Zone
and to develop a model which will serve as a development guide. A
geothermal reservoir model is developed as surface and subsurface data
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evolves as data are collected, is conceptual initially and made
quantitative later as sufficient quantitative data become available. It
is used as a guide for exploration, assessment and resource management.
The surface data from which the model is derived includes:
• surface geologic mapping, including petrography, age-dating and
geochemistry of mapped rock units;
• regional and local geologic structure;
• air photo interpretation and remote imagery analysis;
• geochemical sampling and analysis of surface thermal and
non-thermal waters;
• geophysical surveys; and
• hydrologic and climate studies.
In the East Rift zone of Kilauea Volcano, much of this surface
data has been collected and analyzed under various research programs
which began in the early 1970s.
Subsurface data are collected from wells drilled into the
geothermal field. Two major types of wells are typically drilled in
geothermal areas. The first are slim-diameter wells, which are
typically drilled to obtain temperature gradient and lithologic data.
These wells are often relatively shallow, particularly in arid regions;
however, in areas with significant rainfall, it has been found that
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groundwater flow to measure gradients which are more indicative of the
geothermal reservoir. The SOHs have been designed in this way.
The second type of wells drilled in geothermal areas are deep,
large-diameter holes designed for fluid production or injection.
Because of their greater depth and diameter, they are much more costly
than slim holes. As such, they are drilled when a reasonable conceptual
model of the geothermal reservoir has been developed from
surface-collected data and slim hole data.
Subsurface data collected from both slim holes and
large-diameter wells includes:
• lithologic description, either from cores or drill cuttings;
• alteration mineralogy;
• drilling penetration rate;
• location of circulation loss zones;
• measurement of water levels throughout the drilling process and
after well completion;
• measurement of subsurface temperature and pressure;
• sampling and analysis of reservoir fluids;
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• estimation of reservoir hydraulic properties.




In 1976, the HGP-A well was completed to a depth of 6,500 feet
as a successful geothermal production well and supplied a 3 MW
demonstration power plant from 1982 to 1989. The data from this well
have been placed in the public domain. Five deep test wells (Kapoho
State 1, 1a and 2; Lanipuna 1 and 6) were drilled by Thermal Power
Company (Thermal) and Barnwell Industries (Barnwell) between 1981 and
1985; the downhole data from these wells remains proprietary. All deep
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Although deep, large-diameter wells drilled in the East Rift
Zone have penetrated a geothermal reservoir, drilling has been
concentrated in one relatively restricted area (figure 2). If
additional reserves of recoverable geothermal energy are to be
demonstrated, the geothermal anomaly beneath other parts of the East
Rift Zone must be investigated and quantified.
Surface exploration techniques have not been particularly
successful in the discovery and/or quantification of geothermal
resources, particularly in Hawaii and in the Cascade Range. However, in
many geothermal areas of the world, temperature-gradient drilling has
proven to be very successful in targeting productive zones. Therefore,
the State of Hawaii proposes to drill the four slim scientific
observation holes (SOHs) to measure subsurface temperature gradients and
to characterize any high-temperature zones which they may penetrate.
The SOHs will be relatively deep compared to temperature
gradient holes drilled in other geothermal areas in the world. However,
as discussed above, deep wells are necessary to penetrate through the
zone of convecting, cool groundwater and into the region where
temperatures are influenced by the presence of a geothermal anomaly.
Indeed, the SOHs will be drilled to depths comparable to those of
production-diameter wells but at far less cost. Production-diameter
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to equivalent depths are estimated to cost between one-fifth to
one-third of the cost of large-diameter wells.
With appropriate well location, drilling and completion /
practice, the SOHs can be used to not only identify geothermal anomalies
but to provide data for a preliminary assessment of flow characteristics
and recoverable reserves. This can be accomplished by integrating all
data acquired during the drilling, downhole measurement and testing
phases of these wells into a conceptual model of the geothermal system
as a whole.
Quantitative properties in the region near an individual SOH,
such as temperature and pressure distribution, injectivity index, flow
rate (if the well is artesian or hot enough to flash), and
transmissivity can be combined with the same data for other SOHs as well
as more qualitative aspects of the conceptual model to formulate a
preliminary assessment of the reservoir as a whole. If two or more of
the SOHs are found to be hydraulically connected with one another,
interference tests or tracer tests will provide valuable data for
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The data to be collected as the well is drilled is summarized
below. These data should be incorporated into a continuous, complete
record (the mud log).
• Drill cuttings or cores must be described in detail. As the
SOHs will penetrate primarily through one lithology (basalt),
primary lithologic variation will not be a concern. However,
attention must be paid to hydrothermal alteration mineralogy,
rock texture on both microscopic and macroscopic scales,
identification of zones between individual lava flows, and
identification of veins or fractures.
• Bottom hole temperatures should be recorded using maximum
reading thermometers at a convenient interval, perhaps every
100 feet.
• The temperature of the drilling fluid (mud, aerated mud, foam,
water or air) as it circulates out of the hole must be
monitored and recorded at a regular interval, perhaps every ten
feet.
• Drilling penetration rate (feet/hour) should be monitored and











• To identify the potential of different aquifers encountered in
the well, static water levels should be measured after any
circulation loss or detected fluid entry, or at any time when
there is a drilling delay (waiting on parts, etc.). This may
necessitate replacing the column of drilling mud in the hole
with water.
• Directional surveys must be made at specified intervals.
• Any changes in drilling fluid composition must be noted.
• Before casing points, any required geophysical logs must be
run.
Upon completion of the well, two types of data are collected.
Passive data is collected primarily by running wireline tools into the
well or observing wellhead conditions after the well has been shut in.
Active data are collected as the well is tested. The passive data to be
collected are summarized below.
• Numerous downhole temperature and pressure surveys should be
run as the well heats up after completion. It may take a month
or more before stabilized surveys can be obtained; stabilized
temperature and pressure surveys are among the most important
data that will be collected from each SOH.
• Wellhead pressure and temperature should be monitored as the
well heats up.










Active data are particularly important for reservoir
characterization and quantification. After the well is completed and
the drilling fluid has been circulated out and replaced with water, /
short-term and long-term injection tests will be made by pumping fresh
water into the well. Various types of data will be collected during
these tests, as summarized below.
• Downhole temperature, pressure and spinner surveys will be run
during injection.
• Wellhead and downhole pressures will be measured and recorded
during the periods of injection to estimate the injectivity
index of the well.
• Injection flow rate and temperature will be measured and
recorded.
• Downhole pressure recovery versus time will be measured and
recorded for pressure transient analysis.
• Downhole pressures during injection and pressure recovery may
be measured and recorded in appropriate observation wells as
part of an interference test program.
If the wells are artesian or are hot enough to initiate











• Downhole temperature, pressure and spinner surveys may be run
during flow.
• Wellhead and downhole pressure may be measured and recorded
during the periods of flow to estimate the productivity index
of the well.
• Wellhead temperature and pressure, lip pressure, water level in
a weir box (alternatively, the differential pressure across an
orifice plate and the orifice upstream pressure), and any other
data necessary to calculate the flow rate and enthalpy of the
produced fluid may be measured and recorded.
• Downhole pressure buildup following a flow period may be
monitored and used in pressure transient analysis.
• Downhole pressure during the periods of flow and pressure
recovery may be monitored and recorded in appropriate
observation wells.
• Chemical samples may be collected and analyzed at appropriate
intervals throughout the flow period.
3.2 Data Reduction and Analysis
After the data discussed above are collected, a significant
amount of data reduction, processing and plotting will be required
before the assessment process begins. In the case of downhole data,
this involves reducing the data to common elevation, depth, temperature










Once the downhole data have been processed and reduced, the
distribution of various parameters in three dimensions will be
determined. Perhaps the most important of these parameters is
subsurface temperature. Contour maps of temperature distribution should
be prepared at several elevation levels. From these contour maps,
permeable paths can be inferred, because temperature will often be
highest where the permeability is the greatest. By integrating all
downhole data with data from other wells, a conceptual model which
explains the reservoir geometry will begin to evolve.
Chemical data must be submitted to a qualified laboratory for
analysis. Once the analyses have been made, they must be entered into a
database, checked for consistency and quality, corrected from wellhead
to reservoir conditions, and plotted on numerous types of diagrams.
Temporal and spatial distributions of various chemical constituents can
then be incorporated into the evolving conceptual model by identifying
zones of boiling, conductive cooling, mixing and recharge.
Well testing data are manipulated and processed using various
equations to calculate flow rates and other flowing parameters. If
necessary, factors are used to allow the data to be reduced to a common
depth or time datum. Pressure transient data are then plotted
appropriately (semi-log plot, Horner plot, etc.).
After the well testing data have been manipulated and plotted,
numerous reservoir and wellbore parameters can be calculated or
estimated. These parameters include injectivity index, wellbore skin
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These properties are integrated into the conceptual model and to develop
a quantitative model of the reservoir.
3.3 Resource Assessment
Using both the conceptual and quantitative models as guides,
two types of resource assessment can be undertaken. The first, which is
based primarily upon the conceptual model, is a volumetric estimation of
recoverable energy reserves. To estimate reserves, GeothermEx uses a
modified version of the methodology developed by the U.S. Geological
Survey in Circular 790 (Assessment of Geothermal Resources of the United
States - 1978). Using parameters which describe the geometry and the
temperature distribution within the geothermal system and estimating
various energy conversion parameters based on similar resources, a
probabilistic approach is taken to estimate the minimum, maximum and
most likely value of the recoverable energy reserves.
The second type of assessment involves extrapolating data
obtained from the well testing operations to:
• estimate (from the injectivity test results) the productivity
of zones, which, on the basis of the conceptual model, are
assumed to be productive but have not been specifically tested;
• estimate the flow rate from large-diameter wells; and, if
warranted,
• investigate the number and location of production and injection
wells which could be drilled and used to generate electricity










The latter investigation would involve analytical or numerical
simulation techniques. Which of these techniques would be used, or if
the simulation is warranted at all, depends primarily upon the quantity
and quality of well testing data collected and the degree of confidence
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